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(54) MODULATION SYSTEM AND RADIO COMMUNICATION SYSTEM USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the drop in data transmission 
quantity by periodically inserting a PSK modulation system into a 
multivalued modulation system of more than 8 values and making it 
perform as a role of a pilot symbol at the same time as the data 
transmission by using a PSK modulation symbol. 
SOLUTION: An orthogonal baseband modulating part 12 inputs a 
transmission digital signal 11 and outputs an in-phase component 13 and 
an orthogonal component 14 of a transmission orthogonal baseband 
signal. A transmitting radio part 15 converts them into a transmission 
signal 1 6 and transmits it from an antenna 1 7. A receiving radio part 22 
inputs a receiving signal of an antenna 21 and outputs an in-phase 
component 23 and an orthogonal component 24 of a receiving orthogonal 
baseband signal. An amplitude distortion quantity estimating part 25 and a 
frequency offset estimating part 26 input the components 23 and 24, and 
output an amplitude distortion quantity estimating signal 27 and a 
frequency offset quantity estimation signal 28. A quasi- synchronous 
detecting part 29 inputs the components 23 and 24 and the signals 27 
and 28, performs quasi-synchronous detection and outputs a receiving 
digital signal 30. 
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tpSKsaH^aftffxr*iEii*ac*sv , >T, psk 

SEBIS/ >*;uHT-{±MiM?^b U 8513 8 fltW±©#fit 
Q AM*Sffl«^jS©flttB«9U*i«ir©P S K£M*/> 

Iqamr = Iqam cos ("4" "I" 



^J—QQAMSin^ . 2 

^)+Q0AMCOs(f + ^) 



ffjfB 1 6QAM*ao«C, *JH«CPSKMI*5«ft 

MiWSHffbU 1KHB1 6QAM*jS©«^J*l©fll«5R5U 
Si^©P SK^^>Jt*;u©«^{4Bfc»PfciiB 

-rsaaaTSfSCfcon-tiMirrs. 

[0 0 4 7] 01 Hi, Rlffl I -jt3SQ¥®{C*ftSfia 
IB22mfiQAM^©«^l 0 0 l©&B£^bT:fe 
>3, ffl»j»l 0 0 l©iEB&8«: (»6) T*Sl£*l5o 
fefdU StI322m(jgQAM^©fS^l 0 0 1 tt (I 
QAMR> QQAMR) T'^U (I(JAM» QQAM) & OR 4) 

[0 0 4 8] 
[»6] 



Qqamr ~ Iqam sin (4- 



[0 0 49] 012lt |S]tlI-ifi3£Q¥®t^«t5Ht 
13 1 6 Q AM^©ff tt 110 1 ©SEB*^ bt*> 

i o i©iaa{£Btt GR7> -e&stis. 

fc£ U Wm 1 6 Q AM^^ifjS HOlttd 

1 1 GQAMR = 1 1 6QAM 



16QAME. Q16QAMR) t'SU (I16QAM. Ql6QAM) & 
(«5) T-*2ft, n(±S^i:-rSo 
[0 0 5 0] 
[»7] 

cos (f + ^f.) Qi6qam sin(f ) 



Ql«QAMR = Ii6QAM Sin(^" + i y L ) + Q16OAM COS {"2J- + ^ ) 



[0051] sfes bps KgmJjj&vm^&Wimzm 

3{3^bfc*>©tN JdK©J&»l©BW3i:BWC*S. 

[0 0 5 2] 09J±, Ni/>#;vrtC*(tSS5131 6Q 
AM-»*;i/i:BP SKBH3/>j|«;i/©fl|j80--tt*5* 
bfc%>©T*fc3o £©££, ifgOBPSKffi'V 
^;i'©miI-iS3SQ 3 FS(c*5^?.(4ti^0i , i+N 
SB©B P S KSHS^JWI/Cfilffl I -KSEQ¥fflC*S 
tt3titf§£#i+N i^S^ x-y¥ffifc*t**i+N 
#i©te*B0i+N£ (1&3) ii-TSi:, fli+Nf- 
£ 0 5 © «t -5 C * 5 Z. £ ifi T # 5 0 

[0 0 5 3] 01 3I£, i6it&©BPSK£W*>>#;i/© 
12 0 1 fciKrfa 1 6 Q AM*S©«^jS 12 0 2 
©flWB3RW©fWR©— «ft^bfc*®T»*. iS§© 
BPSK3CII^>^®flHljftl 20 lti + lfribi 
+ N- l#B©|tif31 6QAM^>tK;1/CD«^1 2 0 

2©W«»5tU±, 013 (a) £fcf±013 (b) ©2 

[0 0 5 4] d©iot, S5I31 6QAM^flJr- 

*esu BPSK^n^t-ii^-^sg^-rsiiP 
mmn.* 7t>vh a* .t.tmtis^s^fi^ u mmm 

m&Z'aoo zz.X\ N'»#;i/tp©mflBl 6QAMi/ 
>#;i/fcBPSKBP^>#/i/©llififctts 09ERS-3*: 
&©T-t±&^o flWBl 6QAM#a*0HcBMab 



BuI322«fitQAM^CoV^t)PffilT-, ^©h 
* HUf3 8 <fiJii±©#a Q A M^S;{iBuf3 2 2mfit Q A 
5SER&^fc*©T-fci:fc^o ^bT, PSKjaJSCW 
J:b-CBPSKtI*St«bfe^ PSK«i*a 

[0 0 5 5] Jii±©«td(C**S6©ff^t«ttL«, Buf3 
8«tt±0#iQAM^©(f«l:> SKSMCPSK^a 

^^*»a u ps Ksan3/>#;nan»aaMMWh 

U lSWa8tt«±©#ttQAM*S5©«^jSl©flMB«5U 
£ittu©P S KBWS' >jtf;u©«-9ja(fta*!BPCE« 

■tsb«i#sCn »*v»j±ffiisai eQAM^aoifc, « 

8IWCPSKBil3SfS*#.AU PSK^1-»W| 
•*H3MW3F*<bU BUIBI 6QAM^a©«^©fiMI 
miZWM'D'P S K^^»*;u©^^ffiBSSJpK: 

*j:vjg«!i#aft««r5fc»tf6«7 f -^ft-'MD 

[0 0 5 6] &*S, *Hi£©^T-tt, PSKfl-» 
#;HHTf tJAIMf b, HtflB 8 <lJil±©#fKQ AMS- 

sc©©^ja©««*5Uftitin©p s Ksah»#;i/©« 



(7) 



nmm 1-243434 



Mttom^&otiMX&i z mm<D p s k %m > >#)i> 
n*>p s K«iiJ'>3i?;niBt?aiMWbbfcp s k^m 

[0 0 5 7] ClCDio^iS^&fflOSCltt 

[0 0 5 8] (%ffi©J&JB 4 ) 440fcC!)&flK::l3l*SJlR 
«a«J'^ 7 1 A Oflli, $K© j&ffi 1 1 *3 W 5 H 1 C 

[0 0 5 9] 8 m&JlO&mgmttO-MX-ib Z 8 ffl 
P S KSIi*S;OlRlffl I -ttSEQTBC^SH-sa^jSK 
■tt*^J&«l©BI2 4:H»T?fc4. 014lt POfB 
I -K5EQ¥llC*tf 5 QP SK$mtt<Dm^j5BLW 
Ell 4fc#Wt:i 3 0 lttQPSKSESI^a© 
W^STC**. BBlBtt, 8*BPSK£ir>>tf;i/i:Q 
P S K^fa'>>/^;U©N^>^;i/F*3O«^©-0!l^^ b 
BI16HU *BMWbbfcWQPSK£il35fSC 
©«*j&©^S^JEB®-0ifcij*bT^S. 017 

(a) , (b) , (c) (d) fctittu©QPSK 

g?i^>>tf;i/©«^i: 8*1P SK^Isa©«fjS© 
*«*JU©BM80-0rt» 5n El 1 7 £:fcV>-Cs 1 6 0 

lttQPS k*H££©{rejfiU 1 6 0 2 fct 8ffiP S K 
«H**©«^jST»*« 

[0060] 01s 02 s 01 4~01 7£ffi^Ts 8 

«feU:©#flaai*a©'pCs jsuiwfc: q p s k^h* 
H-e osawwb u 8 ttw±©*ffi*H2rst©flre £ 
fes^tEa-rsis^^Kiov^Tgiiia-rs. 

[0 0 6 1] 8HPS KESI^FS;©«^ESJ±0 2 £ 
^bfefc*J?)T-s HSS©^lfcPI«|-?*So 

[0 0 6 2] 114lt Rffll-flBfcQTBCfcW-iQ 
P S K$£Ml3jS.<Dm^& 13 0 1 ©EB&** bT*3 D > 
(B^j&l 3 0 l©EB{firBfcts (£fc8) T-3R£ft5o & 

« u q p s Kaw2fa©ffr9ja isoittd qpsk> 

QqPSK) "CBU kfcfclggSu *j±VuttJt»i:-r*. 
[0 0 6 3] 
[*8] 

Iqpsk=u I cos (-f-)cos (^) -sin(^)sin(-^ )j 
Qqpsk=u j cos (-J-) sin (-^) +sin(-f )cos(-^)| 

[OO64]015l±s Ni/>^lC^5 8tSPS 
K£iS'>:/;WUfcQP SKg§B'>>#;i>©«J&©— 09£ 
^bfc*)©T-$.5o d©tts i#g©QPSK^fl^ 
^^©Pffll-iSXQ^BC^SGtfflS^i s i + 
N#@©QP S K^|^>>#;i/©|I]ffl I -KJEQJpHC 



N#B©{fitf|0i+N£ ®3) 0i+N^<tt3tS 
I6m?ij&01 6©«fc-5C;£#>2>£i;#T'£-5o 
[OO6 5]017l±s ifi|f)©QPSK^iii'>4f;u© 
fi^jjft 1601i:8fflPS KJBH#£©flHbft 16 0 2 
©flMR*W©Mff©-fi»!lft^U&*)©'T;»*. i#i© 
QPSK^Pi/>^;u©fS^l 6 0 1 i 
+ N- l#a©8ffiP SK^ra^>>^©ff^l 6 0 
2©«BRSWUtt, 017 (a) s (b) % (c) *fctt 

(d) cioC HBu©QPSK^iii/>7jt;i/©fi^ 
t j:ot 8*bp s KmmisyxjMM^jtwtimmvw 

[0066] sfflPSK^ss^sSrr-fctT 1 - 

U QPSK£H35raTtt5*-**fia&-r5i: 

©ffll«afci-7-fey hft*J:rffi[*iS*«*Je«u *n 

«Stft»&fT-5. --T\ NJ/>*;np©8ffiPSKaaB 
^>#;i^QPSK£fi^>tf;i/©*gjj!tiis 015£K 
•3fct»©T?tt«:V^ £fc> 8mA±<D&{&m&5&<DM 
fcUT8fflPSKSM#5£-eRl!IIUfc**, 8ffiJiU:©# 

ffl9ai*attiiiciRofe*,©Ttt*v^ 

[0 0 6 7] JW±© £-5 C*HSS©^K: inH. 8 {B 
eLh©*ffl[«W**©«PC, ^WWCQPSK^l^ 
SSAU QP S K«|f >#MT ttfflWHfllU 
8 fittei±©#fift«BI*a©fi^ja©flMI0R?l]*It«9©Q 
P s K^l-»^L-©ifMt$S¥t:iat5^I 
^STtN QPSKaaH^StTftt, ^-^SrG^TShlP] 
I^C«»Ma7?3fe»BtiHI©aiHfct7-by rfl43«fcl«g 
(HS#«*«£-rafc»©/Wny h^>^;i/i:-rsc: 
fctiD, »5Wl«IB©««atoJ-7-ty bS«J:VlBH 

[0 0 6 8] **S6©^l§T-tts QPSK»> 

>#;HH-CSIWWfb U 8 tttt±©#« jEW*a©« 

^jjH©flWa»JU*ifiiw©Q p sKti'> ;i/©«^ 
{asssipcES-rs^ssi^bfetfs qpsk^i 

'»jK;i/HT-Mft^^bbfcQP s K«ih»sl*;i>6» 

xrn« !*«©»*#» ens, 

[0 0 6 9] Sfcs i©J;-5ai*il*aft^5ii:K: 
it)> ^-^^©{gTfcfflxfcaM^xASgfgi 

[0070] mmmm 5 ) ^aK©»»K:*tt 5 » 
«a«3/^y-A©i»att % nss©^uc*3tfs0i{c 

^•T*)©i:|B]^T'fe5. 
[0 0 7 1] 8tt«U:©*«QAM*SC©-«7f»4 2 
2mfiSQ A.M^^©|Hl*i I -iSSS Q¥Hfc*5ttS<g^E 
Stts Hafi©^2©07t[?l«|-efe5o QPS 

Kmm^onm 1 -ift^Q¥iBC43it5«^ES 

tts HJfi©»JB4©Bll - 4i:RWC*4. 16QAM# 

5K©Riffli-aBtQ 3 PiBt*ttse^jSEatts uss© 



(8) 



ftmW-l 1-243434 



Mm2<Dm8bffitikX'&Zo 01 8fcfc, 16QAM->> 

6 tmm-C'&Zo 01 9 (a) , (b) , (c) &«fcV 
(d) &fiii«©QPSK»>>*;u©{i^£: 1 6Q 

AM©«^©tlfS8Jf^J©glG&©H?!lT-& 9, il9ic 

jfc^T, 1 8 0 lfcfcQP SKgH^sS©*^ 1 8 0 

2fctl 6QAM^CDff^f$)-5o 
[0 0 7 2] 01, mi, 0 8, 014, 016, 01 

8, 019£ffllAT, 8fitJ^±CD#fiSQAM^CD4' 

l^T, QPSK^Iii'^^l/KT-ttMtt^F^bU 8{it 
W±©#<1 Q A M#5£©«-^©tiffgm?'J £ Bid© Q P 

jS, $)i>V>{il 6 Q AM^S©"}^, £#§I$£QPSK 

>*;i/MT-iiMtt^^bU 1 6QAM^5$©{t^j£© 
tf WL%kP}*\MM(DQ P S K^f3-> >#;i/©«^/£&g£ 

[0 0 7 3] 2 2mfitQAM^S;©«^iag(iE7t:^ 
bfei:£»)T-, *SE©^2 0SiB^i:|Bl«T-fe5o 16 
QAM^O®^lESiil2l8K:^Ufei:*3i9T% fISS 
Off^2CDSiB^i;Pl^T-fe-5o ^bT, QPSK^SI^ 

5£©«^iBgfct0 1 4 bfe ?) t% mmojm 

[0 0 7 4] 01 8li, NS/>#;i/rtC*W* 1 6QA 
M i: Q P S K > #;u©1tj$©— 01 £^ b 
fc£©T-3D?>. 3©i:£, i#B©QPSKSM'»# 
A'OBfi I -I3SQ¥BC*lt5ffifflft x i+N# 
g©QP S K^M->>^;1/©Ir1*@ I -it£Q¥@fc*!f* 
5{4*B£<zJi+N x-yspBC*«-5i+N# 
B©{frffl0i + N& (»3) ei+Ht±t)fll«3R 
9U*EI 1 6 ©«fc-5 £j£«>5 £ t^T- § So 

[0 0 7 5] 019fc£, i!liu©QP SKIPS' >#;i/© 
fflPW* 1 8 0 1 i: 1 6 QAM^SCI^jSI 8 0 2©W 
««JUOHI«©-OT*^b*:t»©Tf»«. i#i©QP 
S KtMis>-#MDm*& 1801hi + lA>£i+N 
- l#g©l 6QAM2/>^;i/©M^l 8 0 2©flf$l 
26?Ufcfc01 9 (a) , (b) , (c) £fcfct (d) ©4 
»t>fcJ£**i:^$.fc3fc, i£mj©QPSK^P'»# 
^©{f^KcfcoT 1 6 QAM-»sl?;WD«^©fflf« 

[00 7 6] uCDioC, 1 6 QAM^SCTJi^-^S 
fiiSU QPSK^SS^ST-tt^-^^eSIf Sfcl§|B# 
canHflTCttn-f n * h ->>#;ui: bT«aflWIM©« 

ttSfr-3. Ni/>^;i/tp©l 6QAMi/>^l/ 

fcQPSKgp:>>tf;i/©8if£;te, 0l8£BS^>fc&© 



ttQAM^scowctiHtrc, d©fc§8faw±©# 

ttQAMtt22mg^AM#S£E-3fc*©TttfcV\, 
[00 7 7] tt±© J: 3 C#SQK©J&JBfc: -tin*, 8 fit 

scs»au QPSK»^>#;i«TftaHWWMb 

b, 8fit&±©£ttQAM#S©«*&©tiHWaifciI 
j|tj© q P S KgffllS/ >*;u©e*fj&{£B£fiiPfc:BEg-r 
SXH^A. <fe5VMil6QAM^CDtft, ^JHWfc 

QPSKan^scsffA-rsxai^rat^v^Tx qps 
Ksaij'^/HiB-eaaaMSF^fbu i6qam*s:© 
fi^^otf fsm^J * ittfi© qpsk^1'» #;i/©fi* 

r-tts 5 s -* seas-r s fcB«pcaBMB-T?a«i«M© 

«Wfcj-7Hr» bS*J:tWg«3^*SJt*-r4fc©© 

-So 

[0 0 7 8] fc:ft s 3(^QS©»«Tttx QPSK^I-> 
>*;ufS-eMftf3^bb, 8flttUUt©#fi[QAM*S© 
ffi*j&©««*ai*lWtr©QP SK^SH'»^;i/©«^ 
^(4SSrSipti2S^5^s fc*V>tt 1 6 QAM^S 
©«*jS©flMRIR5U*iSaiI©QP SKSEW'»jP;wd« 

qps K^Hi^> #;i/HT-MKrt?^b bfcQP SK^p 
>*iU>£}? A^n«[5]«©^* s f# £ ft£> o 
[0 0 7 9] £©<fc-5£^p#5$£ffl^sc:i:fc 

-r5^i:AST-^5o 

[0080] (mmiomm e ) **at©»JBc*»t 4« 

^■f ^©i:lRl^"CS?>?>o 

[0081] 8 ft &Lt(D&mmtt®-m"c& % s fa 

P SKgRttrs&DHffi I -fi£Q¥®£:fcW-£{i ^iB 
S5is HJS©ff^ffil©02i:|l]^T-$.So @2 0li N |b] 
ffi I -ifi£Q¥MC:fc^-t|B]*B ltt*J;waSEQ*±fc: 
fll^jSl* *o Q P S KgEW*SC©«^i«S^ U 0 
2 0 }r43V^T 19 0 1 {±tlJfBQP S K«W*5ft©fi^jS 
f$55, 0i5lt 8fflPSKgfi^>7jf;i/i:ftffBQP 
S K^v'y^l/ONi'V^rtO^C-^J^^bT 
V^?)o a*W^bbfcB©«nEQPSKS0«^©ffll^ 

&(Dtim.2i&mw<D—m&, mmaimiomi et.m 

«T»5.H2 1 (a), (b) , (c)*5ct^(d) 
ttiSI5©fII2QP S K«HS/>*;u©fll^i: 8IBP S 
K«W^r*©«^©flM8«?U©B«©-H«'? » *) s E 
2 1 t*5V^T, 2 0 0 1 fctHutBQP S K$mtt<Dm^ 
^ 2 0 0 2tt8fflPSKa£W*SC©fi**Tfe5. 
[0 0 8 2] El, 02, 015, 016, 020, 0 
2 Sffl^©^^^©^, 




1-243434 



iiiBQ p s K$Mi/ y^X'itmmn^h u 8 mat 

[0083] 8 *§ P S K XM#£® flre££V£BI 2 £ 

[ 0 0 8 4 ] 0 2 0 fcfc, PJffl I -itt5EQ¥®t*5tt *«r 

Iqpskr =Iqpsk cos + ^ ) — Qqpsk sin (-^- + -J - ) 

Qqpskr = Iqpsk sin (-5- + J j L ) +Qqpsk cos (-5- + J ^ L ) 



IBQP S KXW^rSCCDW^ 19 0 1 ©IBSfc^bT* 
D, 9 0 l©Egtt, (»9) T**n«. & 

a u buIBq p s KKn#£®flreA 190m ( i 
qpskr. Qqpskr) t?s5u (iqpsk. Qqpsk) « OR 

2) f«$ft, nttafti:*-*. 
[0 0 8 5] 
[»9] 



[OO8 6]015fct, Ni/>tf;U|*|C:fcfr£8*|PS 
K^^>#;i>fctfiIBQP SK^^>#;u©*j«©- 
fi*J£^bfc*>©T-&3 0 C©i:£, i#B©l3I3QPS 

i, i+N#I©iffiaBQPSK*H'>>#;WDRIfflI- 

C*5Jt5i+NSB©{4ffi0i + N$: (I&3) ttZt, 
6 i+NC <fc 5 MPJII 1 6 cd J: o c i:* 5 "? 

[0 0 8 7] 02 lfct, B:i!ti©itijS3QPSK£ir>>* 
;!/©»*& 2001i:8*@PSK ^I^SCif^ 2 0 
0 2©tiWR*W©H«0— fiHfc5*Lfc*0"CfcS. i# 
gOmifBQP S KSEW'»tI«;i/©«^jS2 0 0 l i: i + 
l*>e>i+N- l#BeD8fflPSKjBW'»*;WD»^ 
j&2 0 0 2ffl««*aifck 02 1 (a) , (b) , 

(c) (d) ©«fc-5£, itmJ©itJt3QPSK£fl 

S/ i/jtf;u©«*h&fc i-3T8fflPSKSEW'> >^;i/©fS 

*j*t©««*?!ji«£$s. 

[0088] COiotv SfflPSKftH^SCCttT*- 

**eau saBQPSKsaH*stt?tt7 s -*sejafe-r 

*HWB1*»*ffd. N«»#;nt«©8fflPSK 
3EWh> >^;i/i:Hul3Q P S K^H^ >^;i/©«fiEtt0 1 
5£Pfi-?fcfc©T-fi&V\> 8«KUi©*fltajfl* 

±ffl£ffl^3!fStt£ftfclRr3&*>©-T?ttftV'>. 
[0 0 8 9] fiJLh© «fc 0 £*ISS6©J&!BK .fcftfcf, 8 fit 
BLt©»itMI*5t©+K:, SWWtCltlfBQPSK^W 
A b, huI3QP S K jEPS/>*;HHn?l±a««F 
^fb b, 8 ^±©#fiB£»l#Sffl«^j&©m*W5U« 
ifi«5©B>Fl3QP SK«HS/>*;WDfli*JiWftB*aBPC 

sm.-rz8.mi3tt> fiWBQPSKgMKrsreau 

-fe * b**$*tfffi«EE#*£if£-r*fc«>©>W b 
*»*;i/fc-ra;ii:K«k!), &§<I«8IB©JiSgfca-7-lr 



[0 0 9 0] fcfc, #*SK©J®B"CBu SfffBQP SK£ 
>*;HHTS«W^b b, 8 fflW±©£«B««#S 

©flt*jSi©flwww*it«i©awaQP s K$m*»#» 

©«#jiMi«t»PfcE«-r**a*l!W!bfc*», l?S3 
Q P S K£iS^ >aI«;HBTMWWHb bfcQ P S K&H 

[0 0 9 1] £©J;-5>8:£il#aSfl!^«ci:fc 

j^, 5*-*eas«©{ET«WAfea«s/^5 ! -A**a5 

[0 0 9 2] (MKOjm 7 ) **ffi©ffiaBC*5ft**Ii 

naij/^fAoiStt, ms&mm 1 c*wsiai £ 
^-r*)©tip]fliT-fe5. 

[0 0 9 3] 8flKl±©#ffiQAM#a©—0iTJfc* 2 
2mfifQAM^©HI*B I -itXQTHfc^WSW^E 
gtts *K©JBffi2©ia7tHI«"C»5. Hffll-fiBS 

oQPSK aai*SC©®*jSB!«tts JBE©fflfti 6 ©0 
2 0 fcPWfttfeSo 1 6QAM35r55©ElfflI-lfi&Q¥ 

Bc*tts«^^«a«ttx rnmmm 2 ©0 8 ^hhut 

01 8£ N 1 6QAM->>5^;Ui;firf3QPSK^ 
S3 2/ >^©N */ ;i/t*i©«fig©— flaj*^ bx v> -5 o 

MWWflsLfcHkoiWBQP s Kmmtt<Dm^&<Dm 

«RWE«©-«tt, *SS©»JB4©BI1 6i:BI«T* 
5. 02 2 (a), (b) , (c) (d) ttifiUf 

©ItjfBQP SK^P^>^;U©ff^i: 1 6 QAM©ff 
^©flWB»5U©M«©-«nj& 5,022 C*V^T, 
2 10 1 ttffiflBQP SK3HB£S©«^SU 2 1 0 2j± 

1 6 Q AM#S©«^Sn?fcS. 

[0094] 01, 07, 08, 016, 018, 02 
0, 02 2SfflV^T, 8flftULh©IHttQAM*S©* 

t, «HWfcmaQPSKiMKFa*#A , r*iai*a 

b, 8ttK±©fHlQAM*a©«^jSlffl«««5!ISia 
BU©miI3Q P S Kfl'/ >^©«9j*lffl«ft*PlcE 
■■J-SjHB**, *5V>ttl 6QAM*SC©<t»C, ^ 
Wfcfl9ffiQP SK£H#afc#A-r3*W#*C:feV» 
T, «HBQPSKgESI'»^IHI"TJtta»??^bU 1 



# (10) 

6 q AMtt(Dm^r&<Dm$m&fem.m<DmuQ p s k 

[0 0 9 5] 2 2mfB Q A M*SC©/S^-^iSK(±0 7 Vim 
Ltz£&*)Z\ *SSCDff^2cDSiH^i:|Bl«T-fe5o 16 

©ff£<i 2 ©SfcBJJ £ |5]fl|T* & 5 o SSI 3 QPSK ^Si**© 

m^iimmzm 2 0 ufc t& t> -r-, uss©^ 6 © 

[OO96]018it N2/>^;H*|C*3{t?) 1 6QA 
M>> >#;i/ht5I3Q P S K£fli> >*;u©#£$©-0ij£ 
^Lfc&©f&5o d©i:§, i#B©m!i3QPSK^ 

i +N#B©h5I3Q P S K^M->>^JV(Dmn I 

tt3 i+N#g©te*l£0i + N& G&3) h-T5J:> 0 
i+N^i 5tt^?U<feEl 1 6©«t-5 t^feS^ i:#T*^ 

[0 0 9 7] 0 2 2 i£, Klu©mIIBQP S Kgf8:>># 
;i/©«^2 1 0 1 i: 1 6 QAM#5£©{fi^j&2 1 0 2 
©tS#^J©P^©-^JSr^bfc4)©T-feS. i#I© 

itifBQ p s K^m-> >#;md»^j& 2 1 0 1 1 i + 1 a* 

e> i+N- 1#S© 1 6QAM^»*;i/0lf^2 1 0 
2©miWJ«U 02 2 (a) , (b) \ (c) 
(d) ©«fc-5K, ifimJ©ft5fBQPSK£ii*>>tf;i/©ffi 

t^ict^T 1 6 QAMi/y-xiwm^&ommmw 

[0 0 9 8] £©<fc3£> 16QAMHt'lif-^§ 

e&u MiBQPSK^ra^T-ii^-^&esi-rsi: 
(Dmm&ry-bv h&#£zm.Mmfr&zm%.u mm 

888?«£fT-5o ~-T% N"»#;W16QAM-» 
^;ufcfltitBQPSK^^>^;u©^{±01 8£Rio 
fcfe©T*{±55:V^ g=fc, 1 6 QAMX5Z,*miZWLWLfe 
#22m{tQAM#*£o^T&l5MiT-, d©£ t 8fitJii. 
±©#fit Q A M i± 2 2m(B Q a M*5££8S^ & ©T- litli 
IV, 

[0 0 9 9] W±CD <fc -5 £#HJS©ff#iC AixHU 8 fit 
JJl±©#fitQAM*:£©fp£, 5«Blft£iJiaQPSKg 
SI#:i££1?AU iiufBQPSKgSl^y#;M«T'l±Mlfr 
^fbU 8fit«±©#fitQAM*£©{g^©tif*&?R 
^J*ifiS5©SfFl3Q P S K^Mis >tf;U©fi ^{£B£S 
ip£!Bfi-f 5£1I*:3;, &?>VM;£1 6QAM*5£©«*i 
Jtl8W£iWf3QPSKfgfi#*£«iAU itrfBQP 

S KgHS' >#;i/H-ettMli/^{b L/n 1 6 Q AM^S 
©ft^-^©tf * it ml© MI3 QPSKfli'^^ 
©fS^ffie&SiptlES-rs^P^STN mifBQPS 
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[0 10 0] 3&^\ **M©^-e«i> mffBQPSKg 
^>>*;i^T*MiWW;U 8fiUjLt©f-fitQAM;S 
:£©@^©ti$WJ£iIliiI©MiBQ P S Kgl^> 
;i/©{f^{4BS:aiPCiES-rS^ &3^fctl6Q 
AM^©fi^©tS^IS?"J&itmi©BtIIBQP S KgfS 
^>^;u©ff^{4SSS*tiBS1-5^S^ Ufc 
V^ftl^)^^^f3QPSK^f|i/>p}f;^M■eMK^ : ^b 

ufc q p s k^i^> >tf)vitm\i-tnmm®®mtim 

[0 10 1] *fc N ^J^ft^SS^sSfcEv^^fc 

[0102] (uss©^ 8 ) *mmmmfc#vz>m 

*>©£ [SMUT- 3o 

[0 10 3] ^ii-a^Q^Bt^v^sfii^©^ 

fit Q AM#5£©{B^£ tt/ 4 ^ >IHE**fc 8 fit 
tl±©#fittQ AM**©— I -jt^Q^P® 
fd&^T 2 2n«Q AM#£<D«^tfc tt/ 4 5 *JT >0 
ilg^-frfe 22mfjfQ AM**©|5M=B I -jS3EQ¥iSC:fctt 
4«*jSEW±, fUB©^JB3CDiai 1 tPUfcrfeSo 
IWIffl I -SSEQSFSCfcW-SQP S K^**©«^ 

SEBfct, *aE©j&JB4oiai 4fcHtrc»*. rati i - 

HRQi|tHC*V>T 1 6 QAM**©fS^*7T/4 7 
S?7>EW6**fc 1 6 Q AMJj&omm I -ilS5Q¥® 

t^ftss^EStts nsE©^3©iai 2t.mm-c 

fe?.oEll8tt, hUIBI 6QAMi'>^;i'i:QPSK^ 

MtMf^fb ufci^© q p s Km&s&vm^titDfimzk 

51JIES©-W^ |QfifflJg*4CDiai 6fcHW-e**. 
02 3 (a) , (b) , (c) 43«tV (d) fc£itiiu©Q 
P S K^~> >^;U©{§^ifet MfB 1 6 QAMOi^jS 
©flHR«5U©H«©-WC» El 2 3 tCfeV^T, 2 2 
0 1&Q P S Kjmttomtt* 2 2 0 2 &Huia l 6 
QAM^Of^tfeS. 
[0 10 4] HU Hll, Ell 2, 014, 016, 
018, 02 3&ffl^T, fHB8filJil±©#filQAM* 

SSM^T, QPSKfi-> >tK;VM T-ttMSj^<b 
b> «rlB8flKl±©*ttQAM5ErS©«^©«««5y 
<&ISbu©Q P S KiE»'»#;wD«^ffl«*ai»iCiB 
■■Tiaai*^ feSV.ttHu!Bl 6QAM^04>K> 

«nawc q p s Kgmttznxi-zgmtt^jsu 
t, qps«i-> >*;MBTHjaw^b u mm 1 

6 QAM**©{S^©tf^^J^ifiBU©QP SKgH 
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[0 10 5] IWa22infl|QAM^SC©fB9jSii«t±iai 

So lufB 1 6 QAM*SC®«9jSEBttia 1 2 t^Ufc 
fcfcDTS *JK®JK»3©IWBi:ra«-e»«. QPSK 
^M^OfS^iEBfi. H14CwUfcfc*t)T, H 

Sfso^JS 4 ©nig t mar? & 5 . 

[0 10 6] 118lt N^tf^rtftfeftSfltBi 6 
QAM~>>^;UtQP SKgf8'>>#;i/®«J$©-0iJ£ 
^bfcfc©T-&5o £©*:** i#I©QP SKEWS' 
>d«;woBffil-aBlEQ¥Blc*W«i(WI*^i , i + 
N#B©QP SKfflB'»7t?;KZ)BIffl I -jtSSQjpfflC 
*>tt3<S*S£0i+N i:f£>^ x- y^®(c*5tt2> i + 
N#l©&*g0 i+N £ (ft 3) t-TSt, 0 i+N «CJ;t)^ 
6©£-5£j6s!>s;r£:#'e£5. 

[0107] B92 3it itiiuCQPSK^ii^^l/© 
fl»j»2 2 0 1 fc«WB 1 6 QAM**0OTj|Si2 2 0 2 

Q P S K SMS/ >#;!/©«*£ 2201hi+lA»e>i 
+ N- l#B©aWBl 6QAM'»3j5;WDifjS2 2 0 
2©««*5UWu 02 3 (a) , (b) s (c) 
(d) ©ctot, |tia©QPSK|Eii3/>#;K!D«^ 
K«fcoTltrf3 1 6 QAM2/>Jftn'©ft*jA©miftnitf 

[0 10 8] £©£?£> A&g3 1 6 QAM^tfir- 

<DmmSc*7*y hft*J:i«H«B#ft*}ftfcU 
JHftft*fT^. N>>>^;i/ff©Mf3i 6Qam 

fc*»©Tti&^. i-fc, ttBl 6QAM^A«Mfi:llUI9 
UfctffiMa22«ffiQAM;frSCOV^*>m«-Cx £©£ 
* Mia 8 flft6l±©#ft Q A MfctMtB 2 2mfiQ AM#5$£ 
Rl^jfcfc©f«:fcV>o 

[0109] en±®j;-5c*siai©jKJBK:j:ntt, sasa 

8fttt±©*«QAM#a©+S:, ^WStyCQPSK^ 

fbU «HB8«W±©*ftQAM^a©«^©««3R 
51J^BbiI©QP s K£fs^>*;u©{i^fta£SipK 
E1tr**R#Ss *5VittlWBl 6QAM**©* 
K> ^tQPSK^l^mU QPSK^i 
'»*;HBTettHM9F^bU tWBl 6QAM#5£©« 
*ja©flWR3WU*llttt©QP S KSEW'»#;u©«^ja 

fcfc. 5 s -* ££i£-T 3 1 HI$CaSMg7&S<gaM©ja 
«dSfcT7-b»y h*:feJ;iJ«S£#ft fcifr©-* 
^D>y h^»7}f;i/i:-r5Ci:K:J;D, &3flHIM©jm& 



5o 

[0 110] **JB©®*Ttt, QPSK»> 

>*;i/H7?aiW5F^fls u tub 8 m&Lia&m. qam* 
a©«*jfti©fliiiawi*ftitt©QP s k*ws/>^;wd 

AM*a©«*ja©flHi»JU*«B©QP SKMIJ'V 

v^nt)QPSK^3i'»^;i/KiT-M»^^bbfcQP 

S K«H'>>^U*»Xt-niiHI«©»jR<»«f»e>ti«. 

[oiii] sfes zozstegmxttm^zztiz 
[0112] (mmtoim 9 ) **»©*&«£#«•*** 

•SWis^y *©*»«£, *«S©Jl5*it:*ttSiaiK: 
ip-f *©i:l§J«BT!fe£. 
[0 113] BI«I-ft3£Q¥lBC*V^T8«CLt©* 
ttQAM*^©«^jSi*7r/45yT>EHE**fc8« 
JiLt©^fl[QAM^©-M-eft%nffi I -jfi3£Q¥® 
V vt 2 2mf8Q A M#5S;©M^£ tt / 4 7 ^ T > ® 

te#*&22^ttQAM**©wsi -aBSQ¥ac*w 

S«^j£EBfct> $SK©fl£JB3©l2|l lifi»T»*5. 

raffl i -iesEQ¥iac*5v^ra*a i«*j«t^itJ5Q«i± 

C« feo Q P S Kftil*St©fi*JiWE«tts ^SS 
©^6©l2 2 0i:RMtT-feS. Plffl I -«£Q¥ffl£ 
*UT 1 6 QAM*SC©fS^ft«/4 7^7>iate* 
-B-fcl 6QAM#^©PfBI-*£Q¥fflC:)3lt3{i^§- 
jSESB:> *MS©»JB3©BI1 2i:BI«T»5. El 8 
tts mifai 6QAMS/>#;i/fcff|fBQPSK£ilih>># 
;u©N5/>si?;urt©«fiR©-0jftjj*LTV"»*. MKrff^f 
<b Ufc|igS©itut3QP S KggH^S5©fS^^©m^^JE 

e©-0ijj±> mE©^KB4©iai 6 4: raft-ess. 02 

4 (a) > (b) , (c) ££V (d) ttttHu©Hfl!aQ 
P S K«W^>Jl?;i/0fi^fcWIB 1 6 Q AM©d^ 
©flWB3R?!I©BI«©-0ST»t)s H2 4C*^tx 2 3 

0 i «±miiaQP s K£iras©«*Su 2302 

1 6QAM^O(|^T-feS, 

[0114] E9i> mi 1, mi 2s iai6^ eiis^ 

02O N H2 4fcJlVv^ iiHB8fitet±©#fl[QAMS- 
^©^^s *JW»t:|SWBQPSK|ai#as#Xf «SE 
P^t^V^Ts HUI3QP S K^>»^;UHT-ttMI& 
W^fbU S5138fflJii±©#ttQAM^©<l^©« 
«J^ftBtW©aWBQP SK«W->>jJ«;i/©fi^jSl(4« 

*aenucK«i-*«n**, ^sv>ttmiiai 6 qam* 

5$©*Cs ^WtctufBQPSK^OT^S^ifA^S^ 

^<bu miiai 6QAMtt<Dm^&<Dmmmm*m. 

[0 115] Huia22mfiQAM^©ff^E«tt01 



(12) 
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3o buIBI 6QAM^OM^ES«iiai 2C^Lfc 
S K^P^<D«^l2«(i0 2 0tf bfci:* t) T, 

mm<D&m QoimwtL mux- & % « 

[0 1 1 6] 131 8tiU N'»#;i/rtC*»J-«SfflBl 6 
QAMS/>^;ufcgtifBQP SKi3H'>>jftn/0*M&©- 
0"J£^bfc*>©T-&5o d©i:£> i#a®miIBQPS 

i> i+N#i©itlJfBQPSK£fl^>tf;U©|iWiI- 
iKSQTIilCfcttSfftfflfctfi+N £?%t, x-yfl 
C*«-4i+N#Bfflffl*a0i + ii* (ffc3) 
0i + Hfc£&*«*aJSBIl 6©J:SC£»4::4:# , e 

[0 117] 02 4tt, ttm©««BQPSK*BIS/># 
;p©»*St2 3 0 1 fcUWB 1 6 QAM^iCl^2 3 
0 2©flMB3R?!J©H«©-0l*3%bfe*©T?»«. i* 
g©8fJiBQP S K*Bli/»ftH>©»9jS 23 0 1 i:i + 
1A>£ i+N- l»g®mBl 6QAM->>#;1/©{1^ 
j£2 3 0 2©flHB%$Vi*x BI2 4 (a) , (b) , 

(c) £fcfcfc (d) ©.fc-Sfc^ ifiHlICmllBQPSK^Ii 
5/>*;KD«^jSt: i-sTffirE 1 6 Q A M*> >#;!/©« 

[0 118] £©<£■? milBl 6 QAM^tttr- 

USHJUMMftSfr-S. N3/>#;nt>©fHBl 6Q 

AM^>>^;i/i:MfBQP SK*«s/>*l«;KZ)*j«ttBI l 
8CRt>fct>©ttt£V^ «fEl 6QAM35r*fc 
W CI&BJ3 b fc* s Sir! B 2 2m«[ Q a M*SCC o V ^ t> WW 
X\ d CD i: § buIB 8 fa W±©#<1 Q A M tttfr IB 2 2mfi Q 
AM#S;K:fS^fcfc©Tfci:&VN. 
[0 119] W±©*5fc*3l*©J&JBfc:.fc*it& MIB 
8{6«±©#fBQAM^S;©4)C> ^W^auIBQPS 
KSE»*SC*»XU tufBQP SK^I-»Jtf;^t'li; 
fflWWfbU HuIB8fllW±©#«QAM^©«^ 
©tf$am?iJ4i£Bu©SufaQ P S KSEWS/ >jft>i/©«*Mi 

tt«*»*K:ii«-r*san^ asvMWwaieQA 

U «JBQPSKSaH'»5!«;HHnftta»?9F*<bU hu 
IB 1 6 Q AM*^©fi^ja©«««5«J*iMJ©l)WaQP 
S K«R J' ^^©W^jSMttBSaspCEll-r 
S-E. tW3QPSK«Bl3ErSCT?ttx ^-^SrfeSt-S i: 
[B](l#^mil{flOT-3@ISfS^M©il^^ 7-b » hS*5«t V 

dtjctt). a5WWiiffl©jsaaBrt-7-fey h**j:i«s 

[0 12 0] «dfi©»jB^tt % suIBQPSK^ 



y if^mx-mmmt u urns 8 ffla±©#ffl q a 

M*^©«^ja©flKUR5Uftififl!rffla!llBQP SKgOIJ/ 
>#;u©«^jSiffi«S»PCiS«-r**^ fts^ttiia 
El 6QAM*5S;©®^©t^m5!I^iSt5©SufBQP 

s KaaH3/>#;i/©«^jsi(fi[«*»n«t:Ea-rs^rsa 
wm^it ucqps K$m*s >-xj),*ft\*tnmm<D 

[0 12 1] Ci©«fc3&gW£*feJ8^a£i:C 
[0 12 2] 

[0 12 3] fcSSJfifllTJHU #fiQAM^©-«aji:b 
Tl 6QAM3EFSC*3W?U /WDf h^^WOSA 
^St:ov>t, «e*©^>5jf;HfA^5Sfc*^t«ts 
qp s K^ia^ >#;Hf A35f£© 2 oc^^Sht^t^ld- 
bfc^*£^-fo -e©i^> 06«*fcttQPSKasih» 

jM/** 1 i: U =r— 9 is >sl?;Hi * n i; bfc. 

[0 12 4] ££*©-> >#MfA#5£8u 1 6 QAM© 
fi*«^ffiig©-{f^£;'W n>^ is>X)ls£ bfc 
SflMBTftts 1 eQAMfeJpraJtWWftf 5. 

[0 12 5] *»WKlJ;5QPSKgESIS/>Jj«;i/©lfX 

fc"*-«i:EIB#fc:5*— ^eaMtfT^SiSTS 1 6 QAM© 
V «y t: > ^fcfcifimf© Q P S K Xfl ^> >^;i/fc«c#f 5 o 

QPSKaw$/>#^ra±oaaftf&9<ts-ra. s 

[ 0 1 2 6 ] m 2 5 {±*«ffifi?!)t <t?)^il*S;© 1 tr« 

h»fc!)©«^*;i/^- (Eb) izn-rm^mtims. 

(NO) t*(t5H>y h^D* (BER : Bit Error Rati 

0 ) »ttBI*jj*U ±M©*?fet*5VAT> n=l> 7, 

1 5k.htzk.g<D-Zti*ti<D<®&%7j%-t. EI2 5J;^^ 
S6»T*it**©S/>*;w»A*Ai:*»i«©QPSK 

*\m?Z>h, QPSKSaHS/>7B;HfA*at±, QP 
5. 

[0 12 7] 

[$gBji©a!j*] tt±©J:^C*«WCJ:ntt» 81BJW± 

u «napsK«8i*a©s/>jj«;n«i"ct«i»w^b-r 
wi^fc«iifii-ea*ffl«iB©«i«aR*7-by hs*3«tv 
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3 d t &X' § 3 £ ^ o *flJ&3MI#f# £ft£> o 
[0ffl©f§#fcl&Bjn 

[01] *^©-nsg©^tJ:i>|i^i«^^^A 

[02] *^cD-HS£cDff^^ct5 8ffiPSK^P^ 
5£©«^IEfi0 

[03] #^©-ft^©^££5BPSK5gf|;£3; 
®{f^iEg0 

©x - y¥H££tt £ B P S K£mtt<Dm*5&£mm 

[EI 6] *^©-^fScr)^Sg^J;3BPSKSBi^ 
(Dim&t 8ffiP S KgfW5£©{f ^fc<fctrtf?&*?y 

©11^©— Mft^-rmits 

[07] *^BJ©-HJfi0^t<tS 2 2mftQAM^S 
©{f^;&K©0 
[08] *^CD-^SS©^t<t5 1 6QAM^© 

[09] *^CD-^fE©^tJ;i,fi^cD7l^-A« 
fi£OtK^0 

[010] *^BJO-^SECD?f^Hi3BP SK^^r 

1 6 QAM^iDm^^^mmm^io 

[011] *^©-SISS©^^«t3 22mfl|QAM^ 

5£©{t-*§-j&ias0 

[012] ##gBJ§©-5IS6©Bii£c££ 1 6 

©{t^ias0 

[013] *^B^CD-^SEO^t ctSBP SK £fl£ 
5£©{fi^j&i: 1 6 Q AM#5£©<f^;&fcJ;mg$aif^y© 

si^o— 0ij ^^-rm^0 

[014] *^CD-^91IO^iCcl;5QPSK^m 

5£©{f^-;£IEB0 

[015] *^CD— *9EO^ti5N^>^;i/rt© 
8*|P SK^li/>#;i/i:QP SK^SSi/>^;ucD^ 

©— m*7Ftn&^ 

[016] ^^©-^KEOf^HctSMiJ^F^bbfc 
|Sgl©x - y¥®£*5»*3 Q P S K «£:£©{§ ^fcff 

[017] *^BJ©-^J6©^{C iSQPS K^p^ 
5$©{ff^Si: 8fflP S K^H#5£©{8^:fc «tVflWR« 

[018] *#BW©— faS©3BJ8C «t 5 N S/ >#;U|*]© 
1 6 Q AM i/ >#;i/fc Q P S K^l ■> >#;i/©MO- 
0iJft^t1§fc3;0 

[019] #»W©-iafi©J&JBC «fc 3 Q P S KgOKr 
aomttt 1 6 QAM*SW)«^jS*J:V«»R*5UO 

[020] *fMB©— IQK©J&«fc £ 3 Q P S K^K^ 



5£©M^&a0 

[02 1] *fSB^©-HJfi©^C«t5QPSK^il* 

a©fl»jafc slips K§«#£©«^&* j:ijw*# 

fiJ©M^©-0iJft^-r«t^;0 

[02 2] **WCD— laSCDJEfflCJlSQPSKSaH* 
5£©{f^£: 1 6 QAM*a©fi*iSl*j J:VfH«*5U© 
SI^©-09ft^1K!!fcg:0 

[023] *wR<D-mm<Dim££z>QPSK$mi3 

^©{f^t 1 6 QAM#S©«*jSUfe£VflWBR?U© 
H«©^****&BI 
[024] **9i©-iaK©»JBC «fc S Q P S K 
sSOfi^i: 1 6 QAM^ce^^fciVWaSJU© 

n^©— ft ^-r^fca;0 

[025] *»i«©-**Mi«it isaaH*^© i e» 

[02 6] tt*©eas*n*fli^©7i/-A«fiiiia 

i l s&fl^ s?*;HB9 

12 gk£'«— XS^FflSMB 

l 3 jiff KS^-^v HflranffiJftft 

14 a«jfis^-^^o ]»«*ifisaR«- 

1 5 mmmm& 

1 6 >£{f « ^ 
17,21 T>7-i- 

2 2 sfifiiiasB 

2 3 SffOt^-^^^Kff^lHJfflfig^ 
2 4 SffiS^^-^ ; S > K«9«BSfiS# 

2 5 msm.&m.m%ffi 

2 6 /13«f:7-fe>y hMif^gB 
2 7 £II£#Jtif£<l* 

2 8 mmct?** hsjfDtft^ 

2 9 

30 Sff 7=-f ^^;UfS^ 

1 0 1, 5 0 2, 1 6 0 2, 1 80 1, 2 0 0 2 8*B 

201, 501, 901, 1201 BPSKSM!#a 
©ff^ 

6 0 1 2 2mfl| Q A Mtt<Dfg 

70 1, 90 2, 180 2, 2102 1 

©»^ 

100 1 ^I-iS&Q¥BC:J3^T22iiffiQAM# 
5£©ff ^ft TV / 4 z> V 7 >EWE $ « fc 2 2m(t q a M f5 
5£©M^j& 

1 1 0 1, 1 2 0 2, 2 2 0 2, 2 3 0 2 RMS I -fi 
3SQ¥SC*3V>T 1 6 QAM*it;©ff^ft7r/4 7^ 
T>@lE^-y:fe 1 6 Q AMSit©StjS 
1301, 1601, 2201 QPSK£H#5S©{i 

1901, 2001, 2101, 2301 RMI-i* 
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